Small intestinal bacterial overgrowth (SIBO) is considered to be involved in the pathogenesis of functional gastrointestinal disorders (FGID). However, the prevalence and clinical conditions of SIBO in patients with FGID remain to be fully elucidated. Here, we examined the frequency of SIBO in patients with refractory FGID.
Introduction
Functional gastrointestinal disorders (FGID) are among the most common disorders of the gastrointestinal tract reported in visits to health care providers and have a large impact on health care costs. The prevalence of FGID among general populations worldwide is approximately 20-30%. [1] [2] [3] Although the pathophysiological mechanisms underlying these disorders are not completely understood, dysmotility, visceral hypersensitivity, abnormal brain-gut interaction, microbiome differences, psychiatric co-morbidity, and immune activation have been suggested to play important roles. [4] [5] [6] [7] [8] Recently, a considerable number of studies have suggested that gut flora plays an important role in occurrence of symptoms and possibly the pathogenesis of FGID. [9] [10] [11] Bacterial flora in the proximal small intestine generally consists of aerobe and facultative anaerobic bacteria at ≤ 10 4 colony forming units (CFU)/mL in healthy subjects, while an abnormally high microbial population level in the small intestine is known as small intestinal bacterial overgrowth (SIBO). 12 Recent studies have suggested that SIBO may have a role in the pathogenesis of FGID. Conventionally, a diagnosis of SIBO is based on jejunal aspirate culture findings. However, the technique for sample collection is invasive and because of limited access by the instrumentation generally utilized, patients with isolated distal SIBO remain undiagnosed. On the other hand, noninvasive hydrogen breath tests using glucose or lactulose have been widely used as a diagnostic tool to establish SIBO, though their accuracy remains in dispute. 13 Greater diagnostic accuracy has been demonstrated for a glucose hydrogen breath test (GHBT) with fewer false-positive results as compared to a lactulose hydrogen breath test (LHBT). 14, 15 SIBO is characterized by various gastrointestinal symptoms such as abdominal pain, bloating, distention, and diarrhea, which are found in patients with FGID, and may be associated with excessive gas in the small intestine due to the presence of a large number of hydrogen-producing bacteria. Indeed, it has been demonstrated that patients experiencing functional dyspepsia (FD) or irritable bowel syndrome (IBS) have a higher prevalence of abnormal microbial fermentation in the small intestine as compared with healthy controls, [16] [17] [18] with the prevalence reported to be 56.5% in patients with FD 16 and ranging from 2-84% in those with IBS. [19] [20] [21] These results support the hypothesis that SIBO may play a role in FGID. Conventional treatment for FGID, such as prokinetics, proton pump inhibitors (PPIs), and antidepressants, may not be effective for symptoms occurring in patients with SIBO. Therefore, the frequency of SIBO in patients with refractory or intractable FGID is likely greater as compared with that in those with well-controlled symptoms.
In the present study, we examined the frequency of SIBO in patients with refractory FGID using GHBT. From our findings, we also discuss the utility of and problems with hydrogen breath testing.
Materials and Methods

Enrolled Patients
This study was conducted at Shimane University Hospital and a related facility (Oki Hospital) between July 2013 and January 2015. We prospectively enrolled patients with refractory FGID, defined as the condition which was failed initial treatment, including prokinetics, acid inhibitory drugs, antidepressants for at least 4 weeks. Enrolled patients were confirmed to have no organic cause of their abdominal symptoms when assessed by blood and fecal test, endoscopic examination, and radiology test (ie, computed tomography) findings, and diagnosed with FGID according to the Rome III criteria. 
Symptom Questionnaire
Abdominal symptoms in enrolled patients were assessed using the Izumo scale prior to the hydrogen breath test. The Izumo scale was developed and validated by our group, 23, 24 and is widely utilized in Japan 25,26 as a self-administered questionnaire regarding the effects of abdominal symptoms on quality of life over the past 7 days ( Table 1 ). The survey includes 15 items in 5 domains: reflux (questions 1-3), pain (questions 4-6), fullness (questions 7-9), constipation (question [10] [11] [12] , and diarrhea (questions [13] [14] [15] , with 3 items in each domain. Each question is rated on a 6-point Likert scale from 0 to 5, with higher values indicating more severe symptoms. The total score ranges from 0 to 75, with a score of 0 to 15 for each category. Most bothersome symptom, which was defined as troublesome gastrointestinal symptoms with moderate to severe interfering with daily activity in each patient was also asked (duplicate counted if several symptoms were bothered equally). Abnormal bowel movements were defined as bowel frequency with more than 3 times per day or less than 3 times per week. Stool consistency assessed by Bristol stool form scale (type 1, 2, 6, or 7) was also considered as diagnosing abnormal bowel movements. 27 
Glucose Hydrogen Breath Test
The presence of SIBO was determined using a GHBT, which was performed after an overnight fast along with a carbohydrate restricted diet the previous 24 hours. Drugs for the treatment of FGID were withdrawn 24 hours before the test. In addition, cigarette smoking and exercise were prohibited 2 hours before and during the test. Before starting the GHBT, patients brushed their teeth and washed their mouth with Listerine mouthwash (Johnson and Johnson, McNeil-PPC, USA) to avoid false positive high basal levels from substrate fermentation by oral bacteria. Breath hydrogen tests were performed using a portable hand-held breath hydrogen meter (Gastro + Gastrolyzer, Bedfront Scientific, Kent, UK). This hydrogen meter is widely used and validated for the assessment of SIBO. [28] [29] [30] Hydrogen gas concentration was expressed in parts per million (ppm) at that instant. After providing a baseline breath sample, the patient ingested 50 g of glucose in 300 mL of water. 15 After gargling, breath samples were taken every 15 minutes for 3 hours.
Diagnosis of Small Intestinal Bacterial Overgrowth
GHBT patterns were classified as normal, SIBO, and indeterminate ( Fig. 1 ). The normal pattern was defined as a basal value < 10 ppm with subtracted peak value above the basal < 10 ppm. SIBO was diagnosed when the basal value was < 10 ppm and the subtracted peak value above basal was ≥ 10 ppm at 60-120 minutes after glucose loading. 15, 31 The indeterminate pattern was defined as neither the normal nor SIBO pattern, such as basal value > 10 ppm and the subtracted peak value above the basal at ≥ 10 ppm within 60 or > 120 minutes after glucose loading. This pattern includes insufficient preparation for breath testing, such as poor adherence to restricted diet, fasting time, cigarette smoking, and exercise, and carbohydrate malabsorption. 15 
Treatment with Antibiotics
Patients positive for SIBO were treated with levofloxacin at 500 mg for 7 days. Although rifaximin is used worldwide for treatment of SIBO, 32, 33 it has not been adopted in Japan, thus we used levofloxacin, which is commonly used for intestinal bacterial infection with a broad spectrum of activity against Gram-negative and Gram-positive bacteria. One month after the end of treatment, patients were retested for the presence of SIBO by GHBT. Response to levofloxacin was considered positive if GHBT showed a normal pattern and symptoms were improved from the baseline. In addi- tion, symptoms were assessed before and after the end of treatment using the Izumo scale.
Ethical Approval
The protocol of this study was evaluated and approved by the ethical committee of Shimane University School of Medicine, and informed consent was obtained from all enrolled patients prior to participation. This study was registered with the University Hospi- 
Results
Clinical Characteristics of Enrolled Patients
Thirty-eight patients (18 men, 20 women; mean age 56.0 Figure 1 . Patterns shown by glucose hydrogen breath test findings obtained by administering 50 g of glucose to the subjects. The results were classified as normal, small intestinal bacterial overgrowth (SIBO), and indeterminate patterns. SIBO was diagnosed when the basal value was < 10 ppm and the subtracted peak value above the basal level was ≥ 10 ppm at 60-120 minutes after glucose loading. years, range 19-81 years) with refractory FGID were enrolled in this study (Table 2) . Of those 38, 11 were diagnosed with FD, 10 with IBS, and 17 with overlapping FD and IBS at enrollment. Each subtype and clinical characteristics were shown in Table 2 . Approximately 70% of the patients (n = 27) complained of bloating or abdominal fullness, while 19 (50.0%) noted abnormal bowel movements and 10 (26.3%) abdominal pain. Initial treatment for the enrolled patients included prokinetics (n = 17, 44.7%), antidepressants (n = 10, 26.3%), laxatives (n = 9, 23.7%), PPIs (n = 7, 18.4%), histamine-2 blockers (n = 4, 10.5%), and others (n = 8, 21.1%).
Frequency of Small Intestinal Bacterial Overgrowth
We firstly conducted GHBT in healthy volunteer. All the healthy adults showed a GHBT normal pattern (data not shown). Thirty-four (89.5%) of the 38 enrolled patients showed a GHBT normal pattern, while 2, including 1 with FD and 1 with IBS, were classified as the indeterminate pattern, both of whom showed a fasting breath hydrogen level > 20 ppm. The exact cause of high basal hydrogen value in these cases remains unclear. Only 2 (5.3%) patients were finally diagnosed with SIBO, and their GHBT patterns and clinical features are shown in Figure 2 and Table 3 , respectively. Both of the SIBO patients were female, and negative for Helicobacter pylori infection. Case A was initially diagnosed overlapped with PDS and IBS-M, while Case B was diagnosed with PDS at enrollment. PPI, prokinetic, and antidepressant administrations were prescribed for case A at enrollment, while prokinetic was pre- 
Assessment of Treatment
The 2 patients with SIBO were treated with levofloxacin at 500 mg for 7 days and no adverse events were reported. GHBT was performed again after the end of treatment and both patients showed a normal pattern (Fig. 2) . In addition, their symptoms were also clearly improved. Scores on fullness domain of the Izumo scale were decreased after treatment in both cases (12 to 4 in case A and 4 to 0 in case B), with little or no change of the other symptom domains (Table 3) .
Discussion
In the present study, we evaluated the frequency of SIBO in Japanese patients with refractory FGID. Good control of FGID by medical treatment may be less possible for SIBO patients, thus we focused on those with refractory FGID. Among the 38 prospectively enrolled patients with refractory FGID, only 2 (5.3%) were diagnosed with SIBO as assessed by GHBT, suggesting that the frequency may be low in Japan.
SIBO is a very heterogeneous syndrome characterized by an increased number and/or abnormal types of bacteria in the small intestine. Wide variations in prevalence rates of SIBO have been reported in patients with FGID. As for IBS, to date, over 20 studies of the frequency of SIBO in affected patients have reported prevalence ranging from 2% to 84%. 34, 35 Most of those studies suggested that patients with IBS have a greater probability of SIBO. 36 In contrast, few studies have reported the prevalence of SIBO in patients with FD. In a study conducted in Brazil, Costa et al 16 noted that 56.5% (13/23) of FD patients were diagnosed with SIBO by LHBT. In contrast, our study conducted in Japan found only 2 (7.1%) of 28 FD patients, including 10 cases overlapped with IBS, diagnosed with SIBO. Both FD were subtyped as PDS. Lower prevalence of SIBO in FGID in a Japanese population remains unclear. Clustering small bowel microbiome may be different among geographic areas. As for dietary habits, complex carbohydrates, which are major source of calories for most of the world's population, varies hydrogen excretion after ingestion. Breath hydrogen concentration is significantly elevated after ingestion of carbohydrate including white wheat, beans, oats, potatoes, and corn, while, white rice, which is staple food of the Japanese, is the only complex carbohydrate source that was nearly completely absorbed. 37 Taken together, factors such as dietary habits, geography, ethnicity, and lifestyle can affect enteric bacteria colonization and influence the prevalence of SIBO. Variance of these factors may explain the different prevalence rates of SIBO in patients with FGID throughout the world. Such variations may also be explained by results of different diagnostic tests to establish SIBO and differing diagnostic criteria for FGID. Traditionally, findings of a jejunal aspirate culture, performed with fluid sampled from the small intestine, has been considered to be the gold standard for diagnosis of SIBO. However, various problems, including invasiveness, possible sample contamination, low accessibility, and inability to diagnose distal small bowel bacterial overgrowth, have been pointed out. 14, 38 The diagnostic yield of breath tests for SIBO in previous studies has also varied, because of differences in the dose and type of substrate used, threshold for defining a positive breath test, and analysis of breath samples for hydrogen alone or a combination of hydrogen and methane. 15, 39 However, a breath test is likely to be conducted as the first choice for diagnosis of SIBO in clinical practice because of low cost, high safety, and availability. GHBT and LHBT are the most common breath tests, though both have distinct limitations. 14, 21, 31 In this study, we conducted GHBT with 50 g of glucose and defined a rise of ≥ 10 ppm over baseline as diagnostic of SIBO, based on the data in healthy volunteer. However, our 2 cases of SIBO had a rise of > 20 ppm. Therefore, our SIBO patients may have be diagnosed with criteria different from those used in previous clinical trials using peak value above the basal > 20 ppm. 15, [40] [41] [42] Nonetheless, the advent of techniques using nucleic acid-based strategies and metagenomics to define the gut ecosystem may change the definition used for diagnosis of SIBO in the future. Another methodological issue in hydrogen breath test is a general lack of standardization for withdrawal period of affecting drugs before testing. The use of antibiotics or probiotics definitely modifies the composition of intestinal microflora and may therefore be a cause of interference with the test results. Likewise, laxatives and electrolyte solutions for colonic cleaning may interfere with the stability of colonic microflora. Therefore, a test delay is recommended in such cases. 13, 15 Prokinetics are also recommended to stop administration for 4 weeks before testing. 15 However, it remains to be elucidated whether prokinetics are responsible for modification of intestinal microflora. In this study, the patients who had taken antibiotics or probiotics within 4 weeks preceding the test were excluded. No one used laxatives for colonic purging before colonoscopy within 4 weeks preceding the test, while, laxatives such as senna to help daily bowel movement were used in 9 cases. In these cases, drugs were withdrawn 24 hours before testing. Nevertheless, the effect of these drugs on the modification of intestinal microflora should be fully clarified in the future. The profound gastric acid suppression induced by long-term PPI treatment may alter intestinal microflora, 43, 44 thus PPI administration has been suggested to be a risk factor for development of SIBO, though that relationship remains undetermined. Some studies have found no correlation between PPI use and SIBO as measured by indirect breath tests, whereas others that used small bowel aspirates showed a higher association of SIBO with PPI administration as compared to the least potent gastric antisecretory therapy. [45] [46] [47] [48] In the present cohort, PPIs were administered for FD symptoms in 7 (18.4%) of the enrolled patients, 1 of whom was diagnosed with SIBO. However, the symptoms in that latter patient did not improve after stopping PPI administration, suggesting that the symptoms were not caused by the PPI. Once a diagnosis of SIBO is established, antibiotic therapy is aimed at reducing or eliminating bacterial overgrowth, accompanied by resolution of symptoms. However, there is no consensus regarding the antibiotic of choice for SIBO. Recent studies have shown that rifaximin, a semisynthetic antibacterial derivative of rifampicin with virtually no systemic absorption and a favorable sideeffect profile, is mainly used for treatment. 33 However, rifaximin is not available in Japan, thus we prescribed levofloxacin for 7 days to our SIBO patients and their symptoms were significantly improved along with a decreased level of hydrogen after that administration. Recurrence of symptoms after the treatment course is an important issue to manage SIBO patients. Lauritano et al 49 used rifaximin at 400 mg 3 times daily for 10 days to treat 80 consecutive patients with IBS and SIBO, then the presence of SIBO was examined at 3, 6, and 9 months after the end of treatment. Recurrence was documented in 12.6% of those patients at 3 months, 27.5% at 6 months, and 43.7% at 9 months. 49 These results suggest a need for further treatment in many affected patients. One of our 2 SIBO patients had recurrent symptoms with high breath hydrogen gas concentration shown by GHBT after 12 months of treatment. It is considered difficult to diagnose SIBO by a symptom questionnaire alone and Jacobs et al 46 reported that symptom profiles were poor predictors of SIBO. Therefore, the noninvasive GHBT may be useful for surveillance of SIBO during a long term follow-up course. Although methane production is considered to be associated with SIBO, we did not measure methane concentration in breath samples in the present study, thus the frequency of SIBO may have been underestimated. Indeed, 8% to 27% of human subjects did not have detectable hydrogen production from their gastrointestinal microbiota, but rather produced methane. 15, 50, 51 In contrast, Rana et al 31 reported that the presence of methane did not have a significant impact on their investigation of SIBO in patients with IBS. To complement the low sensitivity of the method, an alterna-tive approach to measure both hydrogen and methane at expiration is suggested. Other limitations of the present study include the low number of enrolled patients. Also, H. pylori infection status was not confirmed in some cases, while the cases with SIBO was confirmed as negative for H. pylori infection. Furthermore, our results were obtained from a selected population treated at a tertiary care center, thus they should be interpreted with caution and may not be generalizable to the population at large.
In conclusion, based on our findings, SIBO is rare in Japanese patients with FD and IBS. The 2 patients with SIBO showed clearly improved abdominal symptoms along with decreased hydrogen expiration after administration of antibiotics. Although seemingly rare, it is important to consider SIBO as a differential diagnosis in patients with refractory FD and IBS.
